Abstract
I. INTRODUCTION his paper relates, in general, to channel equalization and signal detection in cellular mobile handset, and in particular to a new WCDMA downlink multiple access interference (MAI) suppression receiver, which does not need the channel estimation, and outperforms previous proposals in low signal-to-noise ratio (SNR) and time-varying environments. The proposed approach is especially suitable for the third-generation high-speed downlink packet access (HSDPA) systems.
In the cellular CDMA downlink, multiple access interference (MAI) is caused by multipath propagation, which destroys the orthogonality among the spread signals. Thus, channel equalizer can be used to suppress MAI. In the literature, a number of channel equalizers are proposed for the downlink MAI suppression. The difference between the MAI suppression equalizer in CDMA downlink and common purpose one is that the MAI suppression equalizer is handling a multi-user chip sequence with multiple levels while the training sequence available is just single-user chip sequence. That results in that most MAI suppress methods need the This is an expended version of the work that was presented at IEEE International Conference on Consumer Electronics 2003, Los Angeles, CA.
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channel information to aid in advance. This means a channel estimator would be involved. Obviously, a parallel channel estimator would increase the system complexity. Moreover the estimation error might bring a bad effect to the equalizer. In this paper, we propose a special loop structure. By that the equalizer avoids the need of channel information. Namely it can converge directly by the pilot signal in CDMA system. Because the equalizer updates at symbol level, we call it symbol level equalizer-based receiver.
After the basic proposal, we further improve the performance in time-varying and low SNR environments by a modification called pre-combining adaptive-order equalizer. The reason of the modification is that all of previous equalizerbased MAI suppression approaches suffer from the following problems: 1) There is a conflicting requirement between good suppression performance (equalizer should be as long as possible) and fast adapting speed (equalizer should be as short as possible).
2) Adaptive algorithm cannot accurately converge to true values for the equalizer (CPICH directly training) or channel estimator (needed by the others) in practical low signal-to-noise-ratio (SNR) environment. The pre-combining adaptive-order can overcome above shortcomings by means of increasing and smoothing SNR variation of input signal and optimizing the equalizer order.
The remainder of this paper is organized as follows. In Section II, the signal model is given. Section III includes the structure description and representation for the basic symbol level equalizer-based receiver. Section IV focuses on details in the pre-combining adaptive-order receiver. In Section V, the receiver performances are evaluated and compared to each other as well as to Rake receiver. Finally, in Section VI, we conclude the paper.
II. SYSTEM MODEL
Our interest in this paper is to improve the receiving performance for W-CDMA mobile terminals. Namely, the signal transceiving from base station to mobile phone (downlink) is considered (see Fig.1 ). In CDMA downlink, the data for all users are spread by orthogonal variable spreading factor (OVSF) codes. The spread signals of all users are combined synchronously, and the sum is scrambled by a unique long pseudo-noise code for a certain base station before transmitting (see Fig.2 ). When we consider only single-cell environment, the combined multi-user signal from the base station will pass through a multipath channel before reach the desired mobile phone. In multi-cell environment, the desired user will receive signals from several base stations simultaneously (see mobile phone1 in Fig.1 ). In this case, the T desired user has to detect its data in the presence of more MAI than in single-cell condition. In multi-cell environment, the cell that the desired user is in, is called intra-cell, and the other cells are called other-cell.
The transmission sequence of a base station is so-called multi-user chip sequence. For cell i , the transmission sequence is: 
where,
[ ]
and where L is the length of FIR multipath channel, 
III. BASIC SYMBOL LEVEL EQUALIZER-BASED RECEIVER

A. Structure Description
The structure of the basic symbol level equalizer-based receiver is shown in Fig.3 . The procedures for channel equalization and data detection are outlined as follows: 1. Obtain signal measurement of the multi-user CDMA signals. 2. A data matrix is constructed from the signal measurements. The data of the matrix will pass through several parallel equalizer branches. Each equalizer corresponds to the multipath channel from a cell base station. 3. In each channel equalizer branch, the estimated values of the multi-user chips will be descrambled and despread by the locally generated scrambling codes and spreading codes. The outputs of all equalizer branches will be combined to obtain a total output. If a mobile user is near its own base station, the signal of intra-cell is much larger than that of the other-cell. The MAI from other cell can be ignored and hence the output of the equalizer branch for the other-cells will be zero by setting the scrambling and spreading codes to zero. If the mobile is near the edge of the cell, it will receive signals from two or more base stations simultaneously during soft hand over. In soft hand over area and period, the pilot value and data for desired user from several neighbor cells are the same, but scrambling code and the data for the other users are obviously different. The desired user's data obtained by despreading using different scrambling and spreading codes in different equalizer branches. The output of all branches will be combined to increase SNR. 4. The pilot signal can also be estimated in each equalizer branch by descrambling the equalized signal in each equalizer branch corresponding to a multipath from a certain cell. Similarly, the estimations from all branches are combined together. The combined results will be compared with the reference pilot and generate error signal. 5. The error signal output from step 4 will be used by the adaptive algorithm to adjust the weights of the equalizers in terms for minimum mean squared error criteria. 6. Note that the various delays of signals from different cells will be compensated in equalizer branches. The delay information is obtained from synchronization module.
B. Algorithm
First, the received signal measurements are constructed as an input data matrix:
where
+ is the length of equalizer. Note that M can be any positive integer. The larger the M is, the better the performance of the equalizer. Then, we construct a descrambling/depreading vector for user k in branch i :
is the spreading code waveform of
is the jth chip value in nth symbol of the aperiodic random code in cell i . Similarly, we construct a descrambling vector for pilot in branch i :
The algorithm is as follows 
IV. PRE-COMBINING ADAPTIVE-ORDER RECEIVER
As mentioned, equalizer-based MAI suppression approaches suffer from two problems. One is the conflicting requirement one equalizer length in terms of suppression performance (as long as possible) and adapting speed (as short as possible). The other is the poor convergence accuracy in practical low signal-to-noise-ratio (SNR) environment. In this section, we modify the basic symbol level equalizer-based receiver to overcome above shortcoming. The new receiver is the precombining adaptive-order receiver. In fact, this modification is also suitable for other equalizer based MAI suppression receivers. Fig.4 illustrates the structure of the modified receiver. This structure is corresponded to multiple branches in Fig.3 , which can suppress inter-cell MAI in soft hand over period. Here, the principle of inter-cell MAI suppression is exactly the same as that in the basic structure. For simplification, we just discuss the main points, pre-combining and adaptive length adjustment in single equalizer branch.
A. Structure Description
The received signal first passes through the pre-combining module, which can increase SNR and reduce variation. From that, the following equalizer obtains more tractable signals, and is easy to converge. Note that a simple normalization is also used to smooth the signal. On the other hand, the order (length) of the equalizer in the proposal is adjustable. In noisy time-varying multipath-fading environment, the optimal length of the equalizer is changing, the reasons are 1) the contribution of a weak equalizer weights might not be good due to the noise stain. Weak weights are usually at two end of the equalizer. That means we can remove these weak weights by shortening the equalizer length to achieve better performance. The effect is especially remarkable in low SNR instant caused by fading.
2) The various multipath spread requires different minimumlength of an equalizer. In the proposed approach, a variable length FIR filter (see Fig.5 .) is used as the equalizer. The length and weight values of the equalizer are calculated by a special adaptive algorithm in terms of the minimum mean square error criteria. The proposed method is suitable for single and multiple antennas applications.
B. algorithm
For pre-combining, we reorganize the received signal vector as a data matrix as
and construct a channel vector as
where, )
( l h denotes the estimation of the path l , which can be obtained by the same method as the RAKE receiver's, for simplification, G here is already set to 1.
Then the output of the pre-combining block or the input of the equalizer can be written as:
… After that, we can construct the data matrix using the output of the precombining as:
Constructing the descrambling/depreading vector of user k :
where Then the algorithm is as follows:
Let ) (n e m is the mth element in vector ) (n e .
--For optimal order selection:
where, i eo means the ith element of the vector ) (n eo .
--The optimal length of the equalizer at instant n is ) (n m . Therefore the output traffic symbol at instant n should be 
V. SIMULATION RESULTS
In this section, the performance of the proposed receivers are evaluated and compared to each other as well as to Rake receiver. To illustrate the signal detection performance, we first show the convergence process and output constellations with QPSK modulation in Fig.6 , and with 16QAM modulation in Fig.7 . The receivers used in Fig.6 and Fig.7 are the basic symbol level equalizer-based receivers. The channels are stationary multipath channels. We can see that in timeunvarying environment, the basic proposed method works well. The constellations are clear. Algorithm can converge with small mean squared errors. However, the basic one surfers from performance degradation in time-varying environments. Fig.8 shows the BER performance of basic equalizer, pre-combining fixed length equalizer, precombining adaptive-order equalizer and Rake receiver in pedestrian multipath fading channel, we can see the basic equalizer's BER lower than that of Rake only in high SNR range (SNR>12dB). That means the performance of basic one is poor in low SNR range over time-varying channel. In contrast, the pre-combining can significantly improve the BER performance. If adaptive-order adjustment is also used, the total performance is further improved. Fig.8 and Fig.9 show the system throughput when the pre-combining and adaptiveorder techniques are adopted in the mobile terminals. We can see no matter in pedestrian or vehicular multipath fading channels, the system throughput when the proposed techniques are adopted are higher than that with Rake receiver.
VI. CONCLUSION
In this paper, we proposed a type of symbol level equalizerbased MAI suppression receiver for cellular CDMA downlink. Since it avoids channel estimation in the receiver, relative low complexity can be achieved. The basic symbol level equalizer is further improved by a modification with the ideas precombining and adaptive-order adjustment. Pre-combining makes input signal has higher and smoother SNR, and adaptive order adjustment is for optimizing equalizer lengths and weights. The receiver structure is described and represented mathematically. The simulation result shows that the precombining and adaptive-order adjustment processes can improve equalizer-based MAI suppression receiver significantly.
